Abstract. Software MuTsunami as research tool in Coastal Research Group Institut Teknologi Bandung, was applied to simulate propagation of tsunami and sediment transport in Mentawai. The Tsunami occurred in 25 October 2010, 21:42:22 (GMT +7). The hydrodynamic model was based on Non-Orthogonal curvilinear coordinate in spherical coordinate. The results of simulation were compared with observational data, which was collected by group of researcher from Institut Teknologi Bandung, Waseda University, and Yokohama National University. The agreement between the model and observational data are very good.
Introduction
Three dimensional ocean hydrodynamics model using non-orthogonal curvilinear coordinate technique, also known as boundary fitted technique, has been well developed [1] [2] [3] , and was world widely applied to simulate ocean circulation, for example in New York Harbor [4] , Cone Bay Western Australia [5] , Bay of Fundy Canada [6] , etc. Funded by the National Research Council Indonesia, Muin [7] further developed a model of Tsunami propagation using two-dimensional version of the non-orthogonal boundary fitted hydrodynamics model [1] . The propagation model is integrated with tsunami generation model in a Geographic Information System (GIS), and developed in windows system, named MuTsunami as in-house models in Coastal Engineering Research Group (CERG), Institut Teknologi Bandung (ITB). MuTsunami had been successfully applied for Aceh Tsunami [8] .
The main advantage of the MuTsunami is that it can be run using affordable notebook. Since the model use semi-implicit technique, the time step is no longer restricted by courant number. Therefore the results of simulation can be obtained in few minute. Once the magnitude and position of earthquake is known, the results of simulation can be run and posted on internet in 15 minute.
The 25 October 2010 Mentawai tsunami earthquake (Mw 7.8) ruptured the shallow portion of the Sunda megathrust seaward of the Mentawai Islands, offshore of Sumatra, Indonesia, generating a strong tsunami that took 509 lives [9] . They iteratively adjusted the data weighting, rupture velocity, spacing, and lateral extent of the finitefault model grid in the joint inversion of the hr-GPS and teleseismic signals to reproduce the tsunami observations through modeling of nonlinear and dispersive ocean wave processes. The results of their simulation matched the observations. However this iterative approach is not practical in Mitigation which quick response is required. This paper presents the results of simulation of MuTsunami for the case of Mentawai Tsunami on October 25, 2010. The results of model were compared with available observation [10] .
Methodology
MuTsunami consist of four models: The propagation and sediment transport model use the non-orthogonal curvilinear coordinate technique in spherical coordinate. MuTsunami utilize the state of the art of three-dimensional sediment transport model MuSed3D [11] to simulate sediment movement by integrating over depth the basic equation to vertically averaged 2D sediment transport model.
Tsunami generating model

Simple energy approach
A large tsunami was caused by the movement of the sea floor. The best way to simulate the generation of Tsunami is to go back to the basic equations of conservation of mass and momentum (Navier-Stokes). Grilli and Watts [12] developed numerical model of Tsunami generation by submarine mass failure. This requires a dense grid systems and accurate data of seabed. Big rise in the sea floor is very difficult to predict accurately because it is highly dependent on mechanical or geotechnical characteristics of the seafloor in which data are very minimal. For these reasons and quick response and early warning data, MuTsunami use an empirical approach. The MATEC Web of Conferences 147, 05005 (2018) https://doi.org/10.1051/matecconf/201814705005 SIBE 2017 empirical approach is to consider the potential energy of the water received from the energy generated by the quake would be a Tsunami Energy [13] .
Initial condition is specified
Initially, the model was developed with a simple waveform generation models where the tsunami generation is derived by a simple empirical formula based on the energy of earthquake as described above. The latest version was developed to allow user use particular initial wave condition. However, the first approach is useful, for quick response.
Wave propagation
The wave propagation model (far field) requires the input of wave generation models (near field). The result of the wave generation model is the initial conditions of the wave propagation models. In this computational domain, a mathematical model was derived using vertically averaged long wave's equation in spherical coordinate. Non-orthogonal curvilinear coordinate technique [1] [2] [3] 14] was employed by neglecting the density gradient effect. The simulation results of the far field model are the input to Wave Run-up model.
Non-orthogonal Curvilinear Coordinate or also known as Boundary-Fitted technique is excellent model in areas with complex geometry. The advantage of NonOrthogonal Boundary Fitted Model is that the orthogonal grid system is not required. It is impossible to generate orthogonal grid in complex area. In Boundary-Fitted Techniques, a grid system is no longer square, the grid can be fitted to the shoreline. Use of the model with square grid will produce an error for the region with a complex geometry. Of course by using a smaller simulation grid size would minimize this problem, but this will require huge computer memory and CPU time.
The model use a spherical coordinate system as the basis of physical domain, meaning this model is much more accurate than the models using cartesian coordinate system given that our earth is not flat. Figure 1 illustrates the physical domain in spherical coordinate () and computational domain in curvilinear coordinate (). Following Muin [1] , after neglecting the density gradient effect, the governing equations in curvilinear coordinate system (), can be written as follows: The above equation is written using incompressible flow assumption. Vertical acceleration is ignored (hydrostatic approximation).
Conservation of Mass
As a boundary condition, the shoreline is considered as an impermeable layer where the water velocity in the direction perpendicular to the beach is zero. Radiation boundary is used along open boundary. On the surface of the water and the seabed, shear forces is determined by the quadratic shear stress formula.
The transformed vertically averaged equations are solved by semi-implicit technique, in which the water elevation in the wave equation is solved implicitly and the other explicit. Time step is no longer limited by the speed of wave propagation, so that the can be performed in more quickly and economically.
The computational is performed in a staggered grid system. Three-level time differencing is used to discretize the time domain to avoid artificial damping. The model had been tested to simulate standing wave in closed basin. The damping is negligible [7, 8] . A more detailed description of the three-dimensional version of this model is presented in Muslim Muin [1] . The ocean hydrodynamics model has been applied in worldwide. 
Model Application for Mentawai Tsunami
MuTsunami is applied to simulate for Mentawai Tsunami. The grid system is presented in Figure 4 . It is finer in the interest area (West Sumatera Province) and coarser in others area. The grid size ranges from 5 km to 30 km. Fig. 4 . Non-Orthogonal Curvilinear Coordinate Grid System in the Study Area Figure 5 shows the water depth in the grid system. Bathymetric data was obtained from Geodas with one minute resolution. The water depth in the water cell is an averaged value of available data set.
Fig. 5. Water depth data in the grid system
The model was run using; (1) simple energy approach for quick response mode, (2) specified Tsunami generation for better accuracy which is based on simulation by Han et. al, [9] . The computation was performed in affordable notebook computer, equipped with processor I5 2.7 GHz, 16GB Ram. The time step is 5 seconds. The bottom friction was set 0.005. The required CPU Time is less than one minute to complete 4 days simulation. Fig. 6 . Water elevation at 7 minute after earthquake, using Specified Tsunami Generation Fig. 7 . Water elevation at 20 minute earthquake, using Specified Tsunami Generation Figure 6 shows the predicted water elevation at 7 minute after the earthquake or when the big Tsunami hit Mentawai. Figure 7 presents the predicted water elevation at 20 minute. The Tsunami also propagate to Indian Ocean because of with small amplitude, less than one meter. The modelling results indicate the effectiveness of Mentawai Islands to protect West Sumatera from Tsunami. Province and Mentawai Islands, the model was run using specified well known Tsunami Generation Figure 8 presents the predicted maximum water elevation along the coast of Pagai Selatan Islands. Despite the simulation is conducted in relatively coarse grid system, the results of simulation is not much different from very high grid simulation by well known others model. The simulation can be completed in very short time and used as early warning system using affordable computer.
The model was also run to simulate one class of cohesionless sediment. The Erosion rate coefficient is specified 0.05 mm/hour, Critical Shear Stress for Erosion = 0.2 Pa, and Critical Shear Stress for Deposition = 0.1 Pa. The settling velocity = 20 mm/sec. The results of simulation are presented in Figure 9 . The model indicates that the seabed erosion in the area of Mentawai. It is because of the water current of Tsunami exceed the critical shear stress for erosion. The model also indicate that Tsunami will not erode the West Sumatera Coast. Figure 10 shows the wave height along Mentawai Islands and along West Sumatera Coast. The results of simulation are comparable with field observation. The model clearly indicates that the coast of West Sumatera are well protected by Mentawai Islands. Table 1 present the comparison between simulated wave height and observed wave height by Mikami [10] . The main problem in the specified initial condition that the model is not linked into sophisticate model Tsunami Generation which requires higher resolution. Therefore, the use of simple energy approach to estimate the initial condition is not avoidable to get quick response. Fig. 11 . Water elevation at 16 minute after earthquake, the model was run using Simple Energy Approach Fig. 12 . Water elevation at 28 minute after earthquake, the model was run using Simple Energy Approach Fig. 13 . Water elevation at 39 minute after earthquake, the model was run using Simple Energy Approach Fig. 14 . Water elevation along West Sumatra Province coastal water, the model was run using Simple Energy Approach Figure 11 to Figure 13 shows the results of simulation in quick response mode using simple energy approach at 16 minutes, 28 minutes, and 39 minutes after the initial condition respectively. The wave height along Aceh coastal area is shown in Figure 14 . Clearly, the results of simulation are less accurate compare to previous simulation. However, the simulated wave is a worth information for quick response. The model does show correct impacted area.
Conclusion
Software MuTsunami, model of Tsunami propagation and sediment transport model using non-orthogonal curvilinear-coordinate technique in spherical coordinate as in house research tool of Tsunami simulation in CERG ITB had been applied for Mentawai Tsunami. The comparison between the modeling results and observation are very good.
Like in application of model in Aceh, the simulation results also shows that Simple Energy Approach for Tsunami Generation can be used as a preliminary simulation or for quick response as early warning although it will be less accurate. The impacted area is consistent with field observation.
